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Thi. invention relates to antibodies against the t„o T™or „.cro,i, 
F.ctor ( ™*> Binding P „ teins detienated JIfcI and isp _ u vMch ^ 

de.crib.din prior patent application. Ho. 8387a .„d „o.'.,03« ' 
respectively, of the same applicant,. lt further relate, to the 
•Mlity of said antibodies to block the binding of TOF lo cells , the 
t»o antibodies affecting different!, cells o£ diff . t6 „ t klnds ^ 
reLte, .i„ to the use of tho.e antibodies ■ and of F<ab, frag»e„t, 
thereof, and salt., functional derivative, or active fraction, of said 
antibodies and fragment,, a, pharmaceutical agent, both for kicking 
and blocking effect, of TNF on p, rt or all cell, in the human body. 

bother aspect of the invention feature, the diagnostic us. or tests 

for measuring either the tbpc ^ + u 

the TBPs or the antisera against them, based on 

determining the interaction of th* «t,+-,-k^- .' ._ « 

or the antibodies with the TBPs. These 

diagnostic use. are of two kind., <„ detecting endogenous!, produced 

antibodie.to TBP, in body fluids , ' to detemin. the extent to which 

.uch antibodi... by kicking or blocking the effects of T»F. 

contribute to pathological manifestation, of disease,, and <b, 

ouantifying th. level, of TBPs in body fluids to detect or measure 

over- or under-production of the«P r^^- 

or tnese proteins in any disorder 

characterized by abnormal production of said proteins. 



- The proteins TBP-I and TB p. n , which 6peclficaUy Mnd ^ 

factor, were isolated from human urine by affinity purification on a 
column of iomobl i ized TNF, followed by reverse phase high performance 
liquid chromatography (HPLC). The apparent molecular weights of the 
two protein, i„ sodlun dodecyl polyacrylaniide ^ 

electrophoresis (SDS-PA6S) were similar (about 30000,. Both proteins 
provided protection against the in vitro cytocidal effect of TNF and 
both bound lymphotoxin or TNF-J3 less effectively than tumor necrosis 
f-tor or TNF-a. However, the two proteins were found immunologically 
distinct and- had differing N-terminal amino acid sequences- 
Asp-Ser-Val-Cys-Pro... for TBP-I and Val- A l a _ Phe . Thr „ Pro . . . for 
TBP-II. The N-terminal sequence of TBP-I was homogeneous while that of 
TBP-n was truncated, to varying extent. 

Tumor Necrosis Factor or TNF- as and lymphotoxin or TNF-p (hereinafter, 
TNF refers to both TNF-a and TNF-p) are cytokines which have many 
effects on cells. Both TNF-oc and TNF- P initiate their effects by 
binding to specific cell surface receptors. Some of the effects, such 
as destruction of tumor cells or virus-infected cells, are likely to 
■ be beneficial to the organism and to contribute to defense against 
infectious agents and recovery from injury. However, both TNF-a and 
TNF-p have effects wMch c . n ^ extenslvely deleter . oug> 

Over-production of TNF-a can play a major pathogenic role in several 
diseases. Thus, effects of TNF-a, primarily on the vasculature, are 
known to be a major cause for symptoms of septic shock. In some 
diseases, TNF may cause excessive loss of weight (cachexia) by 
suppressing activities of adipocytes and by causing anorexia and thus 
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TNF-a was called cachectin. 



Therein thsrsfore, • necessity ln f indlng out Bays t0 ^ 

■mt.gcmize e r.dog e „„ usly £or«d or exogenously administered TNF or, 

alternatively, to find wavs h« ~ . 

ways to induce specifically only SO me of the 

-ny effects of TNF or restrict its eff , cts to specific ^ ^ 
target call, Our first attest in this direction was the development 
of monoclonal antibodies which neutralize . the TNF-a cytotoxic activity 
and were shown to protect nice against the lethal effect of TNF-a 
under conditions mimicking elicitation of septic shock, as described 
in Patent Application No. 73883 of the applicants. 

Along the sequence of molecular events which take part in cell 
response to TNF, the most readily accessible to adulation is the 
initiation of this process, triggered by the binding of TNF to its 
-cell surface recept0rs . 0ne way tQ Doduiata . nteract . on ^ 

through induced, changes in the expression of the TNF receptors. A 
different way of modulating the binding of TNF to its receptors i s 
through the protective effect of the proteins TBP-i and BMl which 
bind TNF and thus decrease its availability to the TNF receptors . 

The present, invention provides antibodies specific for the two 

TNF- binding proteins TBP^I an d t*p ty u ^ 

ana TBP-II which have the following 

properties: 



a) they block the effect of tmw 

exrect of TNF on specific cells. This blocking 

effect i 8 obtained using the antibodies or wf&^ * 

aawiuumes or F(ab) fragments 



thereof, taking advantage of the ability of said antibo(Ji 



es to 
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Mock the Mndin S of » to cell ,, app ,„„ tl) , throu8h lnterBctlon 

with. structurally related c.ll surface INT-binding protein., i.e.. 

TNF receptors; and 

b> they mimic certain effects of TNF on specific cells. This 
kicking effect of the antibodies is most likely due tQ 
activation of the receptors for TNF, upon their juxtaposition by 
the divalent antibodies, in a way which is similar to their 

activation by TNF itself. 

The invention al so comprises salts, functional derivatives and active 
fractions of the antibodies and of the F(ab) fragments thereof. 

As used herein, the term -salts" refers both to salts of carboxyl 
: groups and to acid addition salts of amino groups of the protein 
molecule. 

'Functional derivatives- as used herein covers derivatives which may 
be prepared fro* the functional groups which occur as side chains on 
the residues or the N- or C- terminal groups, by means known in the 



art. 



As -active fractions- of the antibodies and their F(ab) fragments, the 
P^ent invention covers any fragment" or precursors of the polypeptide 
chain of said protein molecules alone or together with associated 
molecules or residues li nke d thereto, e.g. sugar or phosphate 
residues, or aggregates of the protein molecule or the sugar residues 
by themselves. 
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The antibodies of the present invention provide a new approach for- the 
modulation of the TNF activity. They may be used both to inhibit a „d 
, to mimic effects of TNF on specific subset, of cells, depending on the 
molecular fo™ of the antibodies, specifically on their valence: 
monovalent- forms of the antibodies (e.g. F (ab) fragments) being 
inhibitory and multivalent forms being able to mimic at least part of 
the effects of TNF- 

The functional interaction of the antibodies of the present invention 
with cells provides also a new diagnostic- tool, based on immunoassays 
such as radioimmunoassay, ELISA etc.. for the detection of over- or 
under-production of TBPs by cells in the body in certain disorders. In 
an inverse approach, antibodies against the TBPs , when produced 
endogenous^ in the body, will be measured with the use of purified 
TBPs. Detecting such autoantibodies, when formed in certain autoimmune 
disorders, is of extreme importance, since their ability to mimic or 
inhibit the effects of TNF surely has far-reaching bearing on the . 
pathological syndromes of said disorders. 

The antibodies may be either polyclonal or monoclonal. They may be 
•raised in rabbits, mice or other animals or tissue cultured cells 
derived thereof or ca„ be products of cells of human origin. They may 
also be produced by recombinant DNA technology either in a form 
identical to that of the native antibody or as chimeric molecules, 
constructed by recombination of antibody molecules of man and animal 
origins or in other forms chosen to make the antibodies most suitable 
for use in therapy. 



5 



■ / 

/ , 



.d d3 97 89=56 INTERPHARM PATENTS 9728940729? p 

For the preparation of the antibodies, ei ther purified TBP-I or TBP-H 
or one or more synthetic peptides identical to the known sequences of 
■ each of the proteins, e.g. to the N-terminal protein sequences, may be 
used to ionize the animals. A further posrlbility is t0 fuse ^ q£ 
the possible nucleotide sequences deducted from the amino acid 
seq uence of TBP-I or TBP-II to the gene coding for Protein A and to 
express the fused Protein A - TBP-I or Protein A-TBP-II gene in 
E^cpli. The fused protein obtained is purified by affinity 
chromatography on - igG Sepharose column and then used to immunize the 
animals* 

The monoclonal antibodies of the present invention are prepared using 
conventional hybridoma technique (Kohler et al., Nature 256:495, 1975; 

K ° hUret al " £ur ' J - T ™™1- 1976). After immunization! 

spleen cells alone or together with lymph node cells of the immunized 
an ima l s are isolated and fused with a suitable myeloma cell line. 
After fusion, the resulting hybridoma cells are selectively maintained 
in HAT med ium and then cloned.. The hybridoma cells obtained through 
such a selection are then assayed to identify clones which secrete 
antibodies capable of binding TBP-I or TBP-II . After identification, 
. the desired clones are grown in bulk, either in suspension culture or 
in ascitic fluid, by injecting the cells into the peritoneum of 
suitable host mice. The monoclonal antibodies produced by the 
hybridomas are then isolated and purified. 



tibodies of the invention are found to inhibit the binding of 
cells. Antibodies to the two TBPs affect differently cells of 

different lines. Antisera to TBP-T hi *w v ■ j • 

to ifir-l block the banding of TNF to the 



The an 
TNF to c 
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cervical carcinoma HeLa cells and to the breast carcinoma MCF7 cells. 

but not to the histiocytic lymphoma U937 cells. Antisera against 
. TBP-II have the inverse specificity. Xn the chronic myeloid leukemia 
K562 cells both antisera have inhibitory effects. These observations 

suggest that the TBPs are structurally related to the cell surface 
receptors for TNF and therefore that antisera against the TBPs can 
interact with the cell surface receptors in a way which can block the 
binding of TNF to cells. Furthermore, they indicate that there are two 
different TNF receptors and that cells of different lines express 
these two receptors in different proportions. 

Consistently with these notions, F(ab) fragments of the anti- TBP-I 
antibodies are found to block the effect of TNF on cells of a line to 
which TNF binding is blocked by the antiserum comprising said 
antibodies. However, the intact antibody molecules are found to exert 
the inverse effect; they by themselves elicit in cells a cytotoxic 
effect identical to the effect induced by TNF. This ability of 
antibodies apparently directed against cell surface receptors to mimic 
the effect of the agonist, as opposed to the lack of ability of the 
F(ab) fragments of the antibody to do so. is mostly a consequence of 
•the ability of the divalent antibody molecule to cause clustering of 
the receptor .molecules. This clustering somehow results in activation 
of the receptors in a way which 'is similar or identical to the 
activation of the receptors by. TNF itself. Whatever the mechanisms 
involved, the fact that the antibodies can either mimic or inhibit the 
function of TNF, depending on the exact molecular form of the antibody 
applied, implies that these antibodies can practically serve as 
inhibitory or mimicking agents to TNF . Furthermore, since the 
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antibodies to TBP-I and TBP-II bind to two different receptors for 
TNF. which are expressed on different cells exhibiting different 
responses to TNF and perhaps having also a different function even 
when expressed in the same cell , these . inhibitory and a W king 
effects of the antibodies to TBP-I and TBP-II. can be applied for 
modulating the response to IMF, i.e. . augmenting specifically 
beneficial effects and suppressing specifically deleterious effects of. 
this cytokine* 

The invention win now be illustrated by the following examples. 
Example It Pnrif icatioq of the tnv binding p ™*^., 

Affinity purgation on * column ft f <^<„^^ Proteins of 
pooled urine of healthy postmenopausal women were concentrated 200 
fold as described in Patent Applications No. 83878 and No. 90339. A 
sample of 250 ml of the concentrate was applied to a column 
constructed of 0.5 ml Affig.l-io to which 3.5 mg recombinant human 
TNF-a were coupled. The column was then washed with PBS (phosphate 
buffered saline) till all unbound proteins were removed and the bound 
proteins were eluted by applying a solution containing 25 mM citric 
•acid, 100 NaCI, 0.02? sodium azide at pH 2.5. 

Reverse phase HPT.C . The proteins eluted from the TNF affinity column 
were applied to an Aquapore RP300 column preequilibrated with 0.3Z 
aqueous trif luoroacetic acid. The column was washed with the above 
solution at a flow rate of 0.5 ml/min, until all unbound protein was 
removed and then eluted with a gradient of acetonitrile concentrations 
in0.3Z aqueous trif luoroacetic acid. Two active components were 
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obtains TBP .x eluted bctveen ^ Md acetonitr . ie 
between .cetonltrile concentration* of 29* and 321. 

E~»P1« »■ P re paration of rhn rn , Trle „. 1 ^ , f 

TBP-II 

Immunization of rabbits with TBP-I and TBP tt „v«. • „ • 

iar-i ana TBP-Il obtained in Example l 

waa. .t dosee of , ^ and 20 „ r , epecUyelyj ln foliowins 
scheduie, Ih . protelas flrst inj>cted subcutflneousiy ^ emuision 

In coapl.te Freund adjuvant. Three weeks later «... . . • 

weeKs .Later tney were injected 

again, IntraauscuX.rl.. aa e*u lsl „» in incomplete Freund ^ 
*- twice again S u b c u taneou,l y aa solution in pBS , „ _ ^ 
interval., the rabbita were Med 10 dav, after the last ia„ u „u.tio„. 

for the purification „f immunoglobulins fr- . ^ ^ ^ 
saturated a^nlu* suifat, Mt add.d to 10a! seru* to a final 

concentration of 50* saturat-i™ **- 

saturation. After overnight incubation at 4°C 

the immunoglobulin* we re pr ec ipi t8ted by centrifugation . The ^ 
washed twice with W a^onium sulfate, then solubilized in 10 mM 

sodium borate 0.02Z sodium azide at ^ o -m. 

■ aa et p h 9. The solution was then 

"alvaed e«ensi.el y against the borat.-aaide solution. . It was then 
applied for chronograph, on „ PLC Mono., colu™. fro„ which the 

proteins were eluted kHi-h » ~ ^- 

eiuted with a gradient of 0-500 mM NaCl in the above 

borate-azide solution <nu^ 

solution. The umnunoglobulins eluted at a salt 

concentration of approximately 70 m NaCl . 

The antiserum to T3P-! inhibited specific binding of radiolabeled TNP 
to B.U cell. by about 5 o: at a dilution of llMD0 . The antiserum to 
TBP-H suppressed the binding of —x-«F to <,- 937 celia h. ah„„ t 5 „ 
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at similar dilution. 



and TBP-TT 

Western M^ H n , Tested proteins were applied to SDS PAGE 

1,1,1 «4 then blotted electrophor.tically to a 

nitrocellulose sheet, ft. nitrocellulose 8h eet ». incubated with 10* 
-lk<W»> in PBS, then brief ly rinsed i» p bs .„ d fur ther incubated 
with the t. s ted antibodies in a ™iti-lan. device. After incubation 
with either "^-labelled Protein A or -i.goat anti„ouse P ( ab, 
fragments of IgG . both at ,. I0 . CPM/ml , the unbound aateriel was 
washed and the nitrocellulose sheet was exposed to autoradiography. 

rigurei shove the Western blot analysis of the binding of antisera 
.gainst and TBP-IX to the two proteins. TBP-I (A, lanes l- 6) 

•nd TBP-n (B! lanes MJ „ ere applie<i ^ pAGs ^ 2 

together with 2 ug BSA. Following electrophoresis the proteins were 
Motted eleetropnoretically to a nitrocellulose sheet which was then 
incubated with antiserum to T3P-I ,l.„es !- 3 , or to TBP-H (lane, ,-6, . 
at the following dilutions, laM . l>4 . ^ ^ _ 

lanes 3, 6 - l, 250 o. After Incubation with the antibodies, the 
nitrocellulose sheet was incubated with "*I-labelled protein A and 
then washed and exposed to autoradiography. 

EH;a (Ep^e-Hnfced i^u.Q^r^t „ r B jU ; Ninety . sijc „,„ ^ 
Plates were coated either with TBP-! or TBf-II or. as e control, with 
BSA (bovine seru., albumin, at 1 ugMl in PBS containing aodiu* aside 
by incubation. The wells were then rinsed with PBS-Twe.n. incubated 
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with a solution of 0.5Z BSA in PBS-Tween. and rinsed again and further 
incubated with the tested antibodies. After a further rin 8 e, they were 
incubated with purified goa t antibody to rabbit Igc. conjugated to 
horseradish peroxidase. The activity of horseradish peroxidase- 
conjugated antibody which bound to the . plate was determined 
colorimetrically at 600 nM. 

Figure 2 shows the results of E1/ ISA for the binding of antisera 
. against TBP-I and TBP-II to the two species of TBP. The binding of 

(D) antiserum against TBP-I to TBP-I, (.) antiserum against TBP-I to 
TBP-II, (o) ■ antiserum against TBP-II to TBP-I, and (.) antiserum 
against TBP-II to TBP-II, is presented in' terms of the absorbance of 
the color P«duct of the enzymatic reaction applied in this test. The 
readings in a control test at which the antibodies were applied on 
wells coated with BSA were substracted. 

Both Figures X and 2 show that TBP-I and TBP-II are immunologically 
distinct (the slight binding of the antiserum against TBP-II to TBP-I, 
observed in Fig. 2, CO uld be shown to be due to contamination of the 
antiserum with antibodies to TBP-I, at low amounts, due to the 
.presence of some TBP-I in the preparation of TBP-II used for 
immunization) ♦ 

Example 4: Effects of tho nolv.l^ -** DOdies Qn Mw ^ , M of TN y ^ 
cells 

The antisera to TBP-I and TBP-II were diluted in Dulbecco's balanced 
salt solution < PB s+) containing 0,5* BSA and 0.1Z sodium azide 
(P8S/BSA) -and then either directly or. in competition experiments, 
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after incubation with a sample of TBP, applied for 2 h on the tested 
cells of -the HeLa. MCF7, K562 and U937 cell lines. The cells were 
then rinsed and tested for binding of TNP. 

Figure 3 shows the inhibition of the binding of radiolabeled TNF to 
U937, K562, HeLa and MCP7 cells with antisera to TBP-I (o> and TBP-U 
(□ ). The net binding observed in the absence of antisera (100Z) was 
in U937 cells - 2500 CPM, in K562 cells - 1500 CPM, in HeLa cells - 
2400 CPM and in- MCF7 cells - U00 CPM. The results demonstrate that 
antisera against TBP-i and TBP-U interfere with the binding of TNF to 
. cells; each affecting to different extent cells of different lines. 
The antiserum against TBP-I inhibits effectively the binding of TNF to 
HeLa and MCF7 cells, but has no effect on the binding of TNF to U937 
cells and only little effect on the binding of TNF to K652 cells. 
Inversely, the antiserum against T3P-II blocks effectively the binding 
of TNF to the K562 and U937 cells, but inhibits the binding of TNF to 
the H.I. and MCF7 cells only at high concentrations. The effect of 
the antiserum against TBP ~ II on the latter cells could be shown, by 
competition experiments, at which pure TBP-I and TBP-II were added to 
the serum, to be due to the presence of contaminating antibodies to 
• TBP-l in this preparation of antiserum to TBP-II. 

S rample S, F(ab) fragments of poWt ^ i antihtv H» B ^ 
Immunoglobulins purified from the antiserum to TBP-I were exposed .-to 
digestion with papain, in the presence of cysteine/EDTA at an 
enzyme/substrate ratio of i, 10 o. The antibody digest was dialyzed 
against lOmM sodium acetate buffer, P H 5.5 and subjected to cation 
exchange HPLC on a Mono-S column. The bound proteins were eluted from 
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the Mono-S column with a 0-300mM gradient of NaCl in 10mM sodium 
acetate buffer, which resulted in purification of the F(ab) fragments 
to homogeneity. Purity was verified by SDS PAGE analysis under 
reducing and non-reducing conditions. To test the effect of these 
fragments on the cytocidal activity of TNF, they were applied on HeLa 
cells, the cells were- then rinsed to remove all unbound antibodies and 
exposed for 10 h to TNF. together with cycloheximide (25 ug/ml>. 
Viability of cells was then determined by the neutral red uptake 
method. 

In Fig. A: Protection from TNF cytotoxicity by the monovalent 
fragments of the antibodies to TSP-I, HeLa cells which were pretreated 
with the F(ab) fragments ( 3jig / ml) (#) andf for comparisont ceUg 
treated in the same way with medium alone, (o) were further incubated 
for 10 h with TNF, at various concentrations, together with CHI ( 25 
^/ml). The results show that the F(ab) fragments of the antibodies 
to tbp-I prolect HeLa ceUs fron ^ cytoc . dal gffect of ^ _ a 

reflection of the fact that they interfere with the binding of TNF to 
the TNF receptors expressed on the surface of these cells. 

• Similar results w.ere obtained when the F(ab)' fragments were applied on 
SV80 cells as illustrated in Fig. 9C . described in detail under 
Example 6, section f, below. 

Table I shows that ln th# lat>ct antibodies to ^ ^ 

inverse effect to that mediated by their F(ab) fragments, namely,' they . 
mimic the effect of TNF and are by themselves cytotoxic. 
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Table T 



TNF-like cytocidal effect of antibodies to TBP-I 

TNF (u (ml) roll ... V<1J 

^ L Cell Via bility (?) 



1 
10 
100 
1000 

ariti TBP serum 
(dilution) 



100 
31 
15 
6 
3 



1:6400 

1:1600 

1: 400 
1: 100 



37 
17 
9 



»f-«i the antiserum to tbp-i were applied on svso cells for 12 h 
to 8 et„er.ith c y cloh.x imide . vlabiUty o£ ^ ^ ^ ^ 

determined by the neutral red uptake method (tee also Fig. 5). 

Example St Pet e manation nf bioaetiv* t- ^„ ~* ^ 

Dioactivit-T^n of thft ^ t ihodie* to TBP-T 

a. Cyto toxic activity 

Cell, were seeded M hr prior to .ssa y in 96 uaU (n>icrotlter plates) 

10 * «""«.">• The antibodies to TBP-I or TNF were applied in 

serial dilutions either < n 

-n the presence or the absence of 

cycloheximide (CHI) (25 as/ml 

M-S/ml m the case of the HeLa cells and 50 

P-g/ml for the other a**., 

otner cells). After an incubation period of 12 hr for 

the HeLa cell, and 16 hr for M the others, cell viability was 

determined by the neutral-red uptake method. Cell viability is 

presented as the per cent ratin «-f ■ 

P cent ratio of the viability of cultures incubated 

with CHI alone (for cells test-** 

tested in its presence) or without 

additives. 



3 Sh0 " S the ^<>"="« ."«t of the antibodies to TBP-I (A, and 
Of TNF «„.„ SV80 („.., „ eL . (0 ,.,, ^ aEp _ 2 ^ us _ 
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The antibodies and „ Fwre appUe4 tn u ^ (n ^ fM ^ ^ 
toother „ith cei (fJ MW foc Heu ^ 50 ^ au 

cu viability „. ,„a„tit.ted by measuring the uptake of 
: dye. ViabiUt, of ex!. lnoub , ted ^ ^ ^ ^ ^ 

■ in the absence of CHI... .» in the SV80 c.lls. 97I in HeU cells 
*«in mi „U, , ni ,„ ln the B£p . 2 ceiu 

the rang, of concentration, of anti-TBP-I appHed in thl. study had no 

effect in thie experiment or in anv of th» „.t 

r in any of the other experiments presented 

below. AU tests were performed in duplicates, 
h. Induction of on e;, n,a r .,. 

Cells were seeded in * 5 _ well * crotlt . r ^ (J ^ ^ ceUs/weUK 

Ten hours thereaft er TNF and the antibodies were flpplled in serial 

dilutions. After further incubstion for 15 hr ^ 37ec> ^ 

-di™*.. Collecte , ^ replficed fresh mgdiua containi ^ 

arachidonic acid (5xlO-*M). one hour later + h» 

/ vnc «our xater, the medium was collected 

again. The PGE* content of all sa „ n i So 

ail samples was determined by an 

immunoassay as described by Kaev.r et .... Prosta.„„,<„. 35 , 

the antibodies to TBP-! and by THF in H eLa. HSp- 2 and mi c.lls end 
• its augmentation by arachidonic acid (AA. S um). 

c. Stimulation of P)b robl.s r rr ~*.i. ' 

Growth stimulation in fibroblast, due to TNF and the antibodies to 
determined essentially as described by Vilceket .1. , ^ 
1.S.M1-6*.. £oteskln flbroblasts (strain 

mi. pass.ee 10 . laj „.„ s « ied ln 96 veu ,„ lct(iUter plat>a 

cells/veil). Either tmp ~_ 

*j.y. ^itner TNF, or the antibodies m t*rt> t 

aiiuiLuaies to TBP-I, were applied 18 
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h later. The rate cf thymic incorporate into the cells after 3 
day* of further incubation was determined by applying . 0 . th y midl „. t „ 
the cell. U uci/well, and incubating the* for another 16 „. The 
cells „ere then rinsed once „ ith CDld Pss . <ttMta4 ^ ^ 
the amount of label incorporated vas determined by harvesting the 
«U. onto 81 ass fiber filters followed by liouid scintillation 
counting* 

Figure 7 shows the growth stimulatory effect of the antibodies to 
TBP-I (A) and of TNT (B) on human fibroblasts and its reversion by 
*FN-gamma. Human foreskin fibroblasts (strain FSli) were incubated 
for 3 days with the antibodies to TBP-I (D) or with THF (0)§ in ^ 
presence (...) or absence (o.o, of IFN-gamma (250 U/ml). At the end 

of this incubation period the rate of aw 

r tn? rate or H-thynidme xncorporation was 

determined. 

d. Inhibition <i f chlamydial eroufK 

The effect of the antibodies to TBP-I on growth, of Chlamydia 
tracheal* (L.434/BU) in the HEp-2 cells was determined, as described 
f« the antichlamydial effect of TNF by Shemer-Avni et al., Infect. 
■IWUL. 56,2503-2506, 1988. The antibodles werfi fipplied on ^ ^ 
cells at the indicated concentration either alone or together with 
IFN- g amma; first, 1 day before infection with the chlamydiae and 
again, at the same concentrations, immediately after infection. The 
yield of chlamydiae 2 days after infection was determined using an 
immunoperoxidase assay for the chlamydial antigens and expressed as 
inclusion forming units /ml (IFU/ml). 
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Figure 8 shows the antichlamydial e ff ec , of th 

j xax errect of the antiserum to TBP-i 
enhancement of the eff ect by tfm 

7 W-Z*™* and its abolition at high 
tryptophan concentration. The effpn* « v 
. . ■ Th6 effect «* antiserum, at the 

indicated dilutions ^ ~ 

<* »/->■ «. Incrc . Ee of tiyptoph<n concMtrationi i( 

*. tW of infeetion of the ceUs tre>ted ^ w 

MM to zoo , gM1 abolished th , a „ ticUMyaial effect ^ 

Antibodt- tn t»»-t TMp-1 ty * - ffrn L 

Applet- pox.don.x -Uo«„ to rBP.x on ceu, in the p „ 
* the proteia synthssls lnhmtot cyclAsxlfflide <chi) reeuu>d 

complement-independent (data not shewn i « - 

not shown) and appeared morphologically 

very similar to the cytocidal effect of TNF t„ 

Iect ot TNF « It resembled the effect 
ot TM* i„ ^veral other respects as well: 



(i) 



». .-it iylty df iiffecent etll iinM ^ poiycienai 

sensitivity t o TOF . Ihus . foreskin fibroll , sts (str> . n 

«U, and HEp-a c . lls , vhlch , re celatlveiy raa . 8t!iit ^ ^ 
toxicity „e„ aleo much less ssns . tive ^ ^^^^ ^ ^ 

antibodies (Fig. 5). 



th..*„c, of ptotein synthesi8 lnMMtMs (sea cytotojti 

activity under Section a above). 



in 



(iii) The sensitizing effort- ~ . « 

«g effect of protein synthesis inhibitors to the 
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ti^ngof their application. M8J[lMl cytotM . ty ^ ^ 
obs.rved „ he „ the inMMtors antibodies ^ 

si»»lt.neo U8l y. Wtalta of the lnhiMtoti ^ ^ houce 
•fterthe antibodies resulted inslgnific.ntlyreducedc.il 
death (Table ThB sane tia,e-dependence „as observed for 

the sensitization by 6uch inhibitors to the cytocidal effect 
of T» F (Table Thus t „ e aBtlbl)ales> lu# ^ couid ^ 

•ithet cytotoxic to cell, or ini uce in the„ resistance t0 their 

own toxicity, depending on whether *-w 

■ wnetner they were applied in the 

P""°« °r absence of protein synthesis i„ nlkltot ,. 

(lv, Reactance to both the toxicity of the antibodies and of THF 
«. induced in the SVSO cells also by pretre,t«e»t vith H.-1 
(Table III, . Furthermore, the antibodies and TNF could induce 
In these c.Us cross resistance to each other's toxicity (Table 

HI). 
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Table TT 



Time-dependent sensitization of SVan r,i i 

of TNF or of *£™° s effect 



M tt^of CHI application^ 



a TBP-I (1:200) 



Simultaneously with I TBP-I/TNF <i vlabilitv <*) 

+ a h 



+ 3 h 
+ 6 h 
Mot added 



<1 
41 
77 
100 



<1 
<1 
48 
73 
100 



zero or at 1. 3 or 6 h »V? ' f? fldded to the culture at time 
bodies m . ceu' JLLSl y £t "as P 1e";i°" 2* WF " ° £ th "*"" ! 
~u»b.ti m period *y the i-JtrS'r.*^"!.^. en<i ° f ths 



Table TIT 



Induction of resistance to the cytocidal effects of a TB P I 

™* itself. I TBP-I aj Jt!f TBP ^' ° r ° f 

Pretreatment (for 6 h) 
Treatment , m „ TNF XL-1 5 TBP T 

■ -, cio u/ ml) ?x75So? 

CHI (50 M/Bl) 100 ^J 1 viability (i) 

TNF (10* U/ml) + CHI 8 

a TBP-I (1 .-20Q) + CHI 9 
N.D. Not determined 

- full recovery of the TNF receotoL iLt , " 0,6,11,101 al ° ne to allow 
then incubated for 12 h w"h ?Sf or ^T-"^ 5 - The ce ^= ^" 
of CHI. or with CHI alone (Jrea^men^ Mff" 1 in the P resence 
treatment, most cells »er ki ? 1 ' Vhlle vi thout any pre- 
3 TBP-I together with CHI clllt wM^'"^ with ™ F ~ ^h 
TNF, !L-1 or S TBP-I in absencf ol CH?" incubated "ith 

to subsequent treatment with ?Sf or ^Br"?* • ^S"^ r6Sii5tant 
CHI, * t,c or a TBF-I in the presence of 



95 85 
*2 ■ 82 

89 «»,. 



71 
N.D. 
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Further ejla , lnatioo of the e£fMt o{ antiboMes ^ ^ ^ 

on c.11. i„ the of protei „ synthesls bioc]cKti iaveaiea that 

™d« thee. eonOiti™ the ^ 

-r-Ii*. errecte. In a . fotesfein . fibroMasts ^ ^ ^ 

•re quite resistant to THF-o.to,..),.. 

r»F cytotoxicity, as „ e u as in the TNF 

sensitive HeU ceiis. the antlbodi9s , sMlarJy te ^ ^ _ ^ 

8ffe " " « «. (MS- .,. The e«ec t of 

both was particularly prominent when araeMrf™- 

wnen arachidonxc acid was added to the 

cells, suggesting- that i„ both Cfl6es u reflects ^ . 

it reriects an increase, not in 
the release of arachidcnic acid h,^ , , 

acid, but in its conversion to 
prostaglandin. An additional tuc i •■, 

optional TNP-Ufca effect of the antibodies in the 

f0 " Skin fibr0bU6tS « » — of the incorporatlcn fif 
thymidine (Fig . 7) . apparently re£lecting stimuiatiQn ^ ^ 

Like the growth stimulatory e ff ect o£ TO - „. 

a exrect of TNF, the stimulation of 
fibroblast growth by the anHK^- 

7 the antibodies was obliterated when the cells 

were treated simultaneously with iFN-gamm* (Fig . 7)> 

InHK P . 2 cells , TNp suppregses ^ growth of 

bacteria whlch grow intracenulariy membrgne 

structures. As shown in p,-„ o 

own in Fig. a, growth of chlamydia i„ these cells 

also markedly inhibited by the antibodies to lnhibition Qf 

chlamydial growth by TNF is synergistic with the antichlamydial effect 
of IFN-ga^ and is largely abrogated when the HEp- 2 cell . are grown 

xn the presence of increase ^ 

increased concentrations of tryptophan. The 

antichlamydial effect of the fln Hw^ 

antibodies to TBM was affected by 

IFN-gamma and tryptophan in a **m*T a ,* 

jv vyiwi xn a slmalar manner (Fig. 8). 
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f^ The TEP-HVe Brt „ rirj , of ^ anHbod)c> ^ _ t 

tttfr .M»t Ttpfrn . flM „,, , ece „, nrm „ lT 

To explore the mechanisms for the TNF Hfco .• • 

c tne TNF-Uke activity of antibodies to 

»e tested the effect of „.„t , ^ ^ 

«rM«« effective!, Mocta4 the bi ^ g . ^ ^ ^ 

su 8g estin 8 th.t t.ev maintained tha abauy t< ^ _ 

surface TNF receotors rvr 

"Ptors < EC , 0 „ a8 about 0 _ a .^^ ^ 

-ntihodies and i for the monov.ient (lw „. ^ 
their intact form the entihod.es were cytotoxic to CHi-treated sv 8 o 

cells at concentrations as ln« o« 

ns a 5 low as 0.1 w/al , the monovaIent y 

fragments of the antibodies did not exhiM- 

Q not e3chlblt any toxic effects (Fig 

Xndeed. by virtue of their abiHty to ^ iiit th . Modl „ g of B 

«•««.. the — velentFteh, . fronts not omvf.iUd to k m the 

™. ell., hut even hed some inhibitory ^ 

TNF (Pig. 9C). 87 

10 CheC,t Vh " h " ^ « T — -ivity in the fretted 

"" "" "" " Uted *• ">^™ence„ e perform ..p^nte 
to determine whether cro S8 -Hn kl „ 8 of the „. b) f^nt. „ou!d resuU 
■ in resur 8 enc. of their cytotoxic activity, xt ha, heen she™ before 

that pulse-treatment of SV80 cells ™=. 

ceils with TNF at 4« Cf followed by 

incubation with CHI flt 37°c «o , 

37 c. i, suffxcient to cause effective cell 

•«h. The intact antibodies to TBP-I were also cytotoxic under these 

-ditions (co ffipare solid and empty circles ^ ^ ^ ^ 

monovalent F(ab) fragments were not cytotoxic H 

cytot ° xlc - However, when the 
*<ah>-pr.treated ceiie „ ere treated subset!, „ith g oat antibodies 
» rahhit Ie to eiicit cross-Hn k in 8 of the celi-bound antihody 
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fragments, extensive cell death occurred (Pi g8 . 9 B, 10). 

• Figure 9A shows the lack of cytocidal activity of monovalent F(ab) 
fragments of the antibodies to TBP-I (0), and the cytocidal effect of 
the anti-TBP-I Winoglobulins (o) at different concentrations, when 
applied to SV80 cells for 16 h together with CHI (50 ug/ml), and of 
"pulse- treatment with the anti-TBP-I immunoglobulins (.) . Titration 
of the cytocidal effect of -pulse- treatment with the anti-TBP-I 
immunoglobulins was performed as follows: The cells were incubated 
with the antibodies, at the indicated concentrations, for 2 h at 4»C, 
rinsed and incubated further at 37°C with CHI (50 ug/ml) with no 
further addition of the antibodies. 



immuno - 



Figure 9B shows the effect of goat antibodies to rabbit ii 
globulins when applied to SV80 cells which had been -pulse- treated 
with monovalent F(ab, fragments of the anti-TBP-I (.) or to untreated 
cells (o) (S ixg/ml). The -pulse- treatment with the F(ab) fragments 
was performed a s described above for the intact immunoglobulins in 
Figure 9A V 

• Figure 9C shows the protection from TNF cytotoxicity by the monovalent 
fragments of the antibodies to TBP-I : SV80 cells which were -pulse- 
treated with the F(ab) fragments, as in Figure 9B and, for comparison, 
cells treated in the same way with medium alone were further 
incubated for 16 h with TNF, at various concentrations, together with 
CHI (50 (ig/ml). 

Figure 10 shows the morphology of SV80 cells after -pulse- treatment 
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with monovalent F(ab) fragments of anti-TBP-I and further incubation 
in the presence or absence of anti immunoglobulin antibodies. Anti 
TBP-I immunoglobulins and their monovalent F(ab) fragments were 
applied to the SV80 cells for 2 hr in the cold at a concentration of 
3 ng/ml followed by rinsing and incubation for 16 hr at 37 «C in the 
presence of CHI with or without goat anti-rabbit IgE (4.5 ixg/ml). All 
other conditions of the assay were as for Fig. 7. Photographs were 
taken at a magnification of xl25 after staining the cells with neutral 
red. 

Example 7; Monoclonal antibodies to TBP-I 
Product ion of the monoclonal antibodies 

Female Balb/C mice (8 weeks old) were injected with 1 purified 
TBP-I in an emulsion of complete Freund's adjuvant into the hind foot 
pads, and three weeks later, subcutaneously into the back in 
incomplete Freund's adjuvant. The other injections were given in 
weekly intervals, . subcutaneously in PBS. Final boosts were given 4 
days (i.p.) and 3 days (i.v.) before the fusion with 9.0 jj.g of TBP-I 
in PBS. Fusion was performed using NSO/Mr cells and lymphocytes 
prepared from both the spleen and the local lymphocytes of the hind 
legs as fusion partners. The hybridomas were selected in DMEM 
supplemented with HAT, 151 horse serum and gentamycin 2 ng/ml. 
Hybridomas that were found to produce antibodies to TBP-I were 
subcloned by the limiting dilution method and injected into Balb/C 
mice that had been primed with pristane for the production of ascites. 
Immunoglobulins were isolated from the ascites by ammonium sulfate 
precipitation (50Z saturation) and then dialyzed against PBS 
containing 0.02Z azide. Purity was approximately 60Z as estimated by 
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analysis on SDS-PAGE and staining with commassie blue. The isotypes 
of the antibodies were defined with the use of a commercially 
available ELISA kit (Amersbam, U.K.). 

Several positive monoclonal antibodies vere obtained and 7 of them 
selected for further studies. The clones producing them were desig- 
nated clones 17, 18, 20, 23, 30, 34 and 68. The isotypes and other 
characteristics of the monoclonal antibodies are given in Fig. u. 

The clones were subcloned for further studies. Some of the isolated 
subclones with their isotype and binding of TBP-I in inverted RIA are 
listed in Table IV. 

Hybridomas TBP-I 18-1 and TBP-I 34-6 were deposited with the 
Collection Nationale de Cultures de Microorganisms , Institut Pasteur 
(CNCM), 25, rue du Docteur Roux. 75724 Paris CEDEX 15, France on 
March 12, 1990 and were assigned No. I-9Z6 and No. 1-927, 
respectively . 

PVampTo g. Monoclonal antibodies to TBP-II 

Monoclonal antibodies to TBP-II were produced in the same way as the 
monoclonal antibodies to TBP-I, after immunization of mice with 
TBP-II. Several positive clones 'were isolated, subcloned. and 
characterised. Some of the isolated subclones are listed in Table V. 

Hybridomas TBP-II 13-12 and TBP-II 70-2 were deposited with the CNCM 
on March 12, 1990 and were assigned No. 1-929 and No. 1-928. 
respectively. 
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Table IV 



Subclones producing monoclonal antibodies to TBP-I 



Screening Screening of 

with 1RIA subclone with 

Clone number [CPM] iRIA [CPM] Isotype 



7,5 10000 2900 IgGa- 

*f 2800 lgG 3 - 

• 9 5200 IgG a . 

8.1 13440 10800 IgG x 

,3 * 11300 IgGa. 

- 11 11000 IgGx 

13 ' 2 28300 13800 IgG 2 « 

I 15000 IgG*. 

' 5 12900 IgG*. 

14 ■ 6 17000 5400 IgG** 

* 7 , 6200 IgGa* 

• 13 5700 IgG 2 * 

16.1 29000 18000 IgG*. 
'I 16000 IgG 2 . 

1 17500 IgG 2 » 

17 '1 7076 2100 I g G*» 

'I 2100 IgG a . 

' 9 2200 IgG*. 

18 - 1 28000 28800 IgG* to 

•2 27200 IgG* b 

" 3 29800 IgG ab 

20.2 46000 29800 IgG a . 
,S 32800 IgGa- 
- 11 31400 Ig Gam 

2 3 * 1 5300 1700 IgG*. 

• 3 1500 IgG 2 ^ 

* 5 1900 IgG a » 

29,1 4300 1600 IgG a . 

't 1200 IgG*. 

,5 1100 lg Gst . 

J0,1 48000 26700 IgG z . 

• 3 27500 IgG 2 . 

5 26700 IgG 2 . 
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Table IV cont. 



Subclones producing monoclonal antibodies to TBP-I 



Clone number 


Screening 
with iRIA 
[CPM] 


Screening of 
subclone with 
iRIA [CPM] 


Isotype 


34. 6 
.7 
.12 


29000 


32800 
34200 
32300 


IgG 2 * 
IgG^ 
IgG*. 


39.1 
.6 
.8 


4400 


31800 
31700 
31500 


IgGa- 
•IgOa. 


68*1 
.4 
.6 


46700 


28900 
28000 
27500 


IgG*., 
IgG^ 
IgG** 


79.6 
-7 
.8 


2100 


5000 
1900 
1900 


IgGa* 
IgG 2 „ 
Ig0 a « 


80.1 
.4 
.13 


2200 


1900 
2100 
1800 


IgGa* 
IgG 2 * 
IgG a * 


83.2 
.7 
.9 


1400 


1600 
1700 
1600 


IgGa» 
IgG** 
IgGa* 


86.1 
.7 
.8 


2300 


1500 
1400 
1600 


IgGa. 
IgG a « 
IgG** 


91.2 
.3 
.6 


1700 


1900 
1500 
1600 


IgGa* 
XgOa. 
IgGa* 


92.1 
.2 
.6 


2600 


1900 
1600 
1500 


IgGa* 
IgCa. 
IgG a » 
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Table V 



Subclones producing monoclonal antibodies to TBP-II 



Clone number 



13,11 

♦ 12 
.13 

. 14.1 
.6 

♦ 7 

20.2 
-5 

♦ 6 

22.7 
.8 

27.1 
.3 
.9 

32.4 
.5 
.6 

33.1 
.3 
.4 

36.1 
.5 
.6 

41.3 
.7 
.10 

67*1 
.16 
.17 

70.2 
.3 
.4 

77.2 



Screening 
with iRIA 



31800 



1S300 



12800 



20400 



18000 



11315 



18400 



27500 



13800 



16800 



15100 



15300 



Screening of 
subclone with 
iRIA [CPM] 



31000 
31500 
31100. 

15400 
16200 
15300 

14200 
14300 
14800 

20000 
19300 

27000 
25000 
28000 

10900 
10700 
11200 

11400 
10500 
14800 

26600 
24900 
24900 

18100 
18100 
18800 

10900 
10800 
10900 

5100 
5200 
5300 

11800 



Isotype 



IgGx 
IgGx 
IgGx 

IgG 2 . 
IgG 2 » 
IgG*« 

XgG** 
IgG** 
IgG** 

IgGx 
IgG a 

IgG*- 
IgGa- 
XgG a * 

lgG at , 
TgG 3b 

IgGx 

IgC 

IgG 3 . 
IgG* A 
IgG** 

IgGx 
IgGx 
IgG* 

IgG 2 . 
IgG* A 
IgG*^ 

IgGa* 
IgGa* 
IgG*. 

IgGat, 
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Table V cont. 



Subclones producing monoclonal antibodies to TBP-II 



Clone number 



Screening 
with iRIA 
[CPMJ 



Screening of 
subclone with 
iRIA [CPM] 



Isotype 



78.9 

82.1 
.4 
.10 

86.2 
.5 
.11 

19.6 
.9 



25300 
17600 

8800 



21400 

25900 
25700 
26400 

12200 
12600 
12800 

29700 
28900 



IgG a . 

IgGa. 
IgGa. 
IgGa. 

IgG a „ 
IgG ab 
IgG 2to 

lgG 2 . 
IgG*. 



Example 9t Inverts ( lRTA , fnr ^ detection of , ho 

monoclonal antibodies to trp-i Qr trp.tt 



This assay was used for estimating the level of the anti TBP 
antibodies in the sera of the immunized mice and for screening for the 
production of the antibodies by hybridomas. PVC, 96-well microtiter 
plates (Dynatech 1-220-25) were coated for 12 hr at 4-C with affinity 
purified goat anti mouse F(ab) immunoglobulins (Biomakor, Israel 10 
in PBS containing 0.021 N aN 3 ) f then blocked for 2 hr at 37»C 
with 0.5Z BSA in PBS supplemented with 0.05Z Tween 20 (Sigma) and 
0.02Z NaN a (blocking buffer) and washed 3 times with PBS containing 
0.05Z Xween 20 and 0.02Z NaN 3 (washing buffer). Serum samples, in 
serial dilutions, or samples of hybridoma growth media (50 *1) were 
applied into the wells for 2 hr at 37- C . The plates were rinsed with 
washing buffer and —I-labelled TBP-I (10 .000 cpm. in blocking 
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buffer) was a p pli ed into the wells. After father incubation of 2 hr 
at 37-C. the plates were washed and the amount of label which bound to 
individual wells was determined i n the gamma-counter. 

Sgunple 10: Epitope mHppfn , nf TBP-T hg ^ - tmmtltlm ^ lj m4 . 

with monorlnnflj antihrw*4o^ 

Poly vinyl chloride (PVC) , 96-well microtiter plates were coated, as 
described above, with purified monoclonal antibodies (mAbs) to TBP-I 
<25* 8 /ml) and," following rin sin g and blocking> samples of 
— I-labeled TBP-I (50.000 cpm per well) which had fceen pre . incubated 

for 2 hr, at 37"C, with the same or another monoclonal antibody to 
TBP-I (at 1 ^g/na, were put into the ^ ^ 

overnight at 4-C. washed and the radioactivity bound to each well wa S 
deterged in the gamma-counter. The results in Fig. n are expressed 
in percent of the control well where TBP-I was allowed to bind in the 
absence of competing mAbs. 

Figure 11 shows the epitope mapping of TBP-I by cross competition 
*naly si8 with 7 dif£ „ ent ^ ^ ^ ^ ^ ^ 

ability of the antibodies to suppress binding of TNF to HeLa cells and 
to mediate T N F-l ike cytotoxicity. Binding of radiolabelled TBP-I to 
the mAbs (applied at saturating concentration, 200 ng/ml) in the 
inverted RIA, cross competition analysis of the n*bs for their binding 
to TBP-I and determination of the effect of the mAbs on the binding of 
*NF to HeLa cells were carried out as described. The TNF-like 
cytotoxicity of the antibodies was' roe asured in two ways, m the 
first, (- 8 nti l g) , SV80 cells were incubated 16 hr at 37°C with the 
mAbs in the pre6e nce of CHI (50 ng/ml). In the second , (4anti Ig) , 
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the effect of croaelinlcing by a„tl-i™» 08l ebuU„ „ tlbodl „ „„ th . 
cytotoxicity of the Mb . „ a , ^ ^ ^ ^ ^ 

»«e pula.-treated „ith the entibodie. (2 hc at «. C) , 
further incubated <„ hr at 37-C, „lth.„bbit anti-aouse ,«.»,.. 
antibodie. < + .„tl Ig) in the presence of CHI. Cell viability was 
determined by the neutral red uptake „ethod. The cytotoxic activity 
=f the antibodies ie expreased in w e,uiv.lent unite . per o, 8 
immunoglobulin, vh.re one TNF eouiv.lent unit is defined .« the a„ou„t 
of antibody exerting the same cytotoxicity a, 1 „ /ml INP < 16 pg/lnl) 
(n.ctx - not cytotoxic). 

The epitope mapping of TBP-I by cr09S COinpetition analys - s w£th ^ ? 
-Abs su g8est6 that these antibodies bind to four topological, 
distinct areas on the mo iecule (A defined by mAbs 17 and 23, B - by 
IB. C - by 20 ^ 34, and D - by 30 and 6S (Fig . U) . ^ excepti<mal 
competition pattern was observed for the antibodies associated with 
epitope region D. The antibodies not only coated effectively with 
each other but also with the antibodies belonging to regions B and C. 
Moreover, the antibodies defining regions B and C competed, although 
l*ss effectively, with the antibodies which bind to epitope t). One 
Possible interpretation for this phenomenon is that epitopes B and C 
while spatially distinct , overlap ^ ^ ^ ^ 

represented by group D. An alternative possibility is that binding of 
an antibody to the epitope region D imposes a conformational change on 
TBP-I which prevents the binding of the antibodies recognizing 
determinants in B and C. The latter hypothesis seems consistent with 
the fact that the antibodies defining epitope D were the only ones 
found to recognize TBP-I after its denaturation with SDS in the 
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presence of 3-mercapto ethanol (not shown). 



' Vhen applied to HeLa cells, the seven monoclonal antibodies to TBP-i 
described above, as well as ten other monoclonal antibodies to TBP-I 
had all, a nr 1u,6 inhibitory effect on TNF binding (Fig. 11) , implying 
that all the different epitopes which they recognize in the TBP-I 
molecule are also present in the cell surface receptors for TNF. 

The effect of the antibodies on binding of TNF to HeLa cells was 
performed as follows: HeLa cells were seeded into 15 mm tissue 
culture plates at a density of 2.5 x 10* cells/well. After 24 h 
incubation at 37'C in 5Z CO, atmosphere, the cells were transferred to 
ice, the. growth medium was removed and the antibodies, diluted in PBS 
containing 0.5* BSA and 0.1* - 9Qilvm a2ide> were applied fcQ ^ ^ 
for 2 h. The cells were then rinsed and tested for binding of TNF. 

Example 11: TNP-like effert of a Dt ibn,H» a , n ^ t 

To obtain additional informal on the molecular requirements needed 
to trigger TNF-like biological activities with antibodies to TBP-I. we 
examined whether mAbs against TBP-I mediated TNF-like cytotoxicity. 
•Two experimental approaches were taken: in the first, the antibodies 
vere tested for cytotoxicity on SV80 cells without any further 
treatment (Fig. n, _ anti Ig> and in the second the cytotoxicity of 
the^bs was tested after crosslinking then, with anti-.ouse 
immunoglobulin antibodies (Fig. 11. +anti Ig). As noted above, all 
mAbs tested appeared to bind to the class I TNF receptors, yet only 
two of the 17 mAbs had mild cytotoxic activity on SV80 cells. This 
difference in biological activity among the mAbs could not be 
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correlated with their isotype nor with their binding capacity in the 
inverted RIA (Fig. 11). it did appear, however, to relate to the site 
of binding of the antibodies on the receptor molecule. In 
cross-competition analysis the two cytotoxic antibodies were found to 
bind to the same epitope region in TBP-I. None of the other 
antibodies bound to it (A in Fig. 11). Retesting the effect of the 
antibodies after cross linking them with anti-immunoglobulin 
antibodies, we found them all to be highly cytotoxic, to an extent 
which appeared roughly proportional to the effectiveness at which they 
bound TBP-I (compare in Fig. 11: cytotoxicity + anti Ig to the binding 
to TBP-I in inverted RIA). 

Testing whether different mAbs to TBP-I can supplement each other in 
mediating TNF-like cytotoxicity we found that mixtures of two mAbs 
mapping to different epitope regions on TBP-I were highly cytotoxic to 
SV80 cells. For example, mixtures of the mAb 18 (epitope region B), 
which is not cytotoxic by itself, with the non-cytotoxic mAb 20 or 34 
(both epitope region C) exerted strong cytotoxicity (app. 3 x 10* TNF 
eq. tf/mg Ig; see Fig. 11 for definition of unitage). Mixtures of two 
mAbs mapping to the same epitope region were not more cytotoxic than 
. each mAb alone. 

Example 12 z The Pse of anti-TNF binding p rotein antibodies for 
affinit y rhT-nmn tographv 

TNF binding protein antibodies can be utilized for the purification of 
TNF binding proteins by affinity chromatography, as illustrated below 

with monoclonal antibodies against TBP-I. The monoclonal antibodies 

were produced as described in Example 7. 
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The monoclonal antibodies for affi«i tv *u 
• . affinity chromatography were selected by 

testing their bindine c an ,,j k * . 

,ng capacity for the radiolabeled antigen in a solid 

phase radio immunoassay . Ascit*. « 

ay. Ascites from all hybridomas was purlfied by 

amomum sulfate Drecini * • ^ 

dialysis against PBS. pvc ok 

6 WeU pUtes coated with the 

pur^ McAbs as described in Example 9 After bl k . 
. t pJ,e *■ Aft « blocking the plates 

with PBS containing 0.5Z BSA, 0.05Z Tveen 20 rsi* , „ 

e6n 20 < sl 2a*> and O.02? NaN 3 , 
-.11. were incubated with 50 ,000 cpm ~x. TNF for , , -fc ^ 

-en .ashed and the radioactivity w hich had bound to each .ell .as 
-ntitated in t h* M .. coiattr . The ^ 
binding capacity were exajnined 

their Performance in immuno 

attmity chromatography. 

Polyacryl hydraside agarose was „•.,, 

S was used as resin to immobilize the 

- se01iputlfied innunoglobuUns 

Egy^oloa: 34:72-76. 1079 TW 

o f Three monoclonal Anux^- 

onai antibodies against TBp-i 

clones 16, 20, and 34 were tested in rt 

«« tested m these experiments. 

Antibody columns of 1 ml ^ . 

m bed vere constructed **** 

»"uccea» Before use, all 

columns were subiectprf n rt 

foil H K ^ 6lUti0n bUf£Sr ' "«* ~* 

7 " ™— — P BS . Then the columns .ere loaded 
- of concentrated urlnary proteins ^ ^ ^ 

h8 soluti °» containing 50 mM ci trlc acid ^ _ . iftft 

0 -„ „ „ ia ' pH 2 ' 5 « 1Q 0 «*1 NaCl and 

0.022 NaNa . Fractions of x collected . , „ 

collected. Samples of the applied 
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urinary proteins, the last oortion ^ *u 

portion of the wash {1 ml) and of each 

elution fraction (8 fractions „« , 

tractions of 1 mX per column) were taken and 

tested for protein concentration (Table vi% 

liaDie VI) and activity in the 

before .„< , fttr couplln8 at tfc8 antibodies ^ ^^^^^ ^ 

following amounts of immunoglobulin k " 

HunogiODulin had been, bound to the columns: 

Clone 16: 8.4 ng/ml agarose 
Clone 20: 7.2 mg/ai flgaro8e 
Clone 34: 9.4 mg/ml agarose 



iscamm 



(Stein, s. and Moschera T m«4.v j ~ 

«* «d el«io„ f„ ctio „ s are su^ri^ ln tableg „ „ d 
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Table Vt 
Protein Concentrations 





Clone 16 
tug /ml] 


Clone 20 
fn-g/mlj 


Clone 
[Hg/mJ 


Apulied (190 mi \ 


358Q0 


35800 


35800 


Unbound (120 ml) 


35700 


35700 


35700 


Last wash (1 ml) 


42 


38 


12 


Elution 1 (l ml) 


47 


38 


45 


Elution 2 (l ml) 


S50 


784 


714 


Elution 3 (1 ml) 


151 


150 


194 


Elution 4 (1 ml) 


100 


51 


122 


Elution 5 (1 ml) 


32 


24 


35 
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Table VII 

Purification of TBP-I with monoclonal antibodies bound to 

hydrazide agarose 



* ■ 


Clone 16 
Bioassay 
[U/ml] 


Clone 20 
Bioassay 
[U/ml] 


. . Clone 34 
Bioa$say 
[U/ml] 


Applied 


210 


210 


210 


Unbound 


100 


60 


80 


Last wash 


*<detect 


<detect 


<detect 


Elution 1 


<detect 


850 


1200 


Elution 2 


4800 


10100 


19500 


Elution 3 


3500 


<detect 


<detect 


Elution A 


2500 


<detect 


<detect 


Elution 5 


1000 


<detect 


<detect 



* Applied, unbound and last wash were assayed at a dilution of 
1:20 and higher and the elution fractions at 1:200 and higher* 
Samples which gave no discernable signal at this dilution appear 
as "below detection" (<detect) in the table. 
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Claims 



1. An antibody to a human tumor necrosis factor binding protein 
designated TBP-I whlch specifically recognize8 Said 

2. An antibody „ cl^d i« cl.l« i ^ lch i,!^^ ^^-^ 
in that it blocks the binding of TNP to HeLa and MCF7 cells. 

3. An antibody as claimed i„ claim , 0f 2 furfcher charflCterize(J ^ 
that it does not block the binding of TNF to U937 cells. 

4. An antibody according to claims 1 to 3 which is . 
antibody. 



5. An antibody according to claims l t« * u ■ 

e exams i to 3 which is a polyclonal 

antibody. 



«• F(.b, fragments of an antibody according to any of clai„ 8 i t0 5 . 
■7. *.».cl.». t antibody according t . clallB 4 from ^ 

lymphocytes of mice previous!, immu„i Ie d wU h TBP-I. 

8. A monoclonal antibody according *. n • 

oay according to claim 7 produced from hybridoma 

TBP-i 18-1, deposited in CNCM under designation 1-926. 
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9. A monoclonal antibody »rrAHi«„ 4.^ * . 

ntxoody according to claim 7 produced from hybridoma 

fBP-I 34-6. deposited in CKCM under designation 1-927. 

10. An antibody to . a human tumor necrosis factor binding protein 
designated TBP-H which specifically recognizes said protein. 

XI. An antibody . as claimed in claim 10 which is further characterized 
in that it blocks the binding of TNF to U937 and K562 cells. 



in 



11. An a«ibod y a s clilj „ ed in cla£m oc u fMther ch „ racterized 
that it do, 5 „ot block th. binding of rap to HsLa and „ CF7 c.U.. 

IS. to antibody according to claia* „ tQ - „ „ hich u . 

antibody ♦ 



U. An. antibody according cui»a xo to „ „„i ch it . polycloM1 

antibody. 



15. F(ab> fragments of an antibody according to any of claims 10 to 
14. 



16. A monoclonal antibody according to claim 13 produced from a 
hybridoma formed by fusion of myhlom& ^ ^ ^ ^ 
lymphocytes of mice previously immunized with TBP-U. 

17. A monoclonal antibody according to claim 16 produced ! from 
hybridoma TBP-H „-» deposited in CNCM under designation 1-929. 
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16. A monoclonal antibody according to claim 16 produced from 
hybridoma TBP-II 70-2, deposited in CNCM under designation 1-928. 

19. The use of an antibody according to any of the preceding claims or 
F(ab) fragments thereof pr salts, functional derivatives or active 
fractions of the antibody or of the fragment thereof, for blocking 
the binding of TNF to, and inhibiting its effect on. cells. " 

20. The use of an antibody according to any of the preceding claims or 
F(ab) fragments thereof or salts, functional derivatives or 
active fractions of the antibody or of the fragment thereof, for 
the treatment of conditions wherein effects of TNF, either 
endogenously formed or exogenously administered, are to be 
antagonized. 

21. The use of an antibody according to any of the preceding claims or 
F(ab) fragments thereof or salts, functional derivatives or active 
fractions of the antibody or of the fragment thereof, for 
mimicking beneficial effects of TNF on cells. 

22. The use of an antibody according to any of the preceding claims or 
• F(ab) fragments thereof or salts, functional derivatives or active 

fractions of the antibody or of the fragment thereof for mimicking 
the cytotoxic effect of TNF. 

23. A quantitative assay for antibodies to TBP-I or TBP-II 
endogenously produced in man in autoimmune diseases, by measuring 
their binding to the proteins TBP-I or TBP-II, respectively. 
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24. An immunoassay for the TNF binding proteins TBP-I and TBP-II in 
body fluids characterized by measuring their interaction with an 
antibody according to clai* i or claim 10, respectively. 

25. A pharmaceutical composition comprising as active material an 
antibody or F(ab> fragments thereof or salts, functional 
derivatives or active fractions of the antibody or of the fragment 
thereof according to any of claims 1 to 18. 

26. A method for the purification of human TNF binding proteins TBP-I 
or TBP-II utilizing a suitable antibody according to claims 1 to 
18 comprising the following steps: 

a. coupling said antibody to a suitable resin to construct an 

iiranunoaf f inity column; 

b. . leading a solution containing said protein on said 

immunoaff inity column; 

c. washing away the non- bound proteins with a suitable washing 
buffer; 

eluting the bound TNF binding protein TBP-I or TBP-II with a 
suitable eluent; and 
e. collecting the enriched fraction of said TBP-I or TBP-II. . 

27. A method according to claim 26 wherein the resin is hydrazide 
agarose. 

28. A method according to claims 26 and 27 wherein the eluent is a 
buffered solution of pH-2.5. 
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A method according to cl aiffi9 26 to 28 for the purification of 



TBP-I. 



30. A neth od according to clai™ 26 to 28 for the purification of 
TBP-H. 



to claims 26 to 29. 



»1. Human TNP Mnding p Ioteln „.„ puUtie(1 „ y ^ 

to claims 26 to 2a and 30. 



For the applicants 

Paulina Ben-Ami 
Patent Attorney 
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